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Abstract 
 
Background: Previous studies have been unclear about the cardiovascular risks for 
metabolically healthy obese individuals.  
Objectives: We aimed to examine the associations of metabolically healthy obese with 4 
different presentations of incident cardiovascular disease in a contemporary population.   
Methods: We used linked electronic health records (1995 to 2015) in The Health Improvement 
Network (THIN) to assemble a cohort of 3.5 million individuals, 18 years or older and initially 
free from cardiovascular disease. We created body size phenotypes defined by BMI categories 
(underweight, normal weight, overweight and obesity) and three metabolic abnormalities 
(diabetes, hypertension, and hyperlipidemia).The primary endpoints were the first record of one 
of 4 cardiovascular presentations [coronary heart disease (CHD), cerebrovascular disease, heart 
failure, and peripheral vascular disease (PVD)].  
Results: During a mean follow-up period of 5.4 years, obese individuals with 0 metabolic 
abnormalities had a higher risk of CHD (multivariable-adjusted hazard ratio (HR) 1.49, 95% CI 
1.45, 1.54), cerebrovascular disease ( 1.07, 95% CI 1.04, 1.11) and heart failure (1.96, 95% CI 
1.86, 2.06) compared to normal weight individuals with 0 metabolic abnormalities. Risk of CHD, 
cerebrovascular disease and heart failure in normal weight, overweight and obese individuals 
increased with increasing number of metabolic abnormalities.  
Conclusion: Individuals with obesity with no metabolic abnormalities had a higher risk of 
coronary heart disease, cerebrovascular disease and heart failure than normal weight 
metabolically healthy individuals. Even individuals who are normal weight can have metabolic 
abnormalities, and have similar risks for cardiovascular disease events. 
 
Key words: Cardiovascular diseases, Metabolically healthy obesity, Phenotype  
 
Condensed abstract 
Whether individuals who are metabolically healthy obese (MHO) are associated with 
excess risk of cardiovascular disease remains a subject of debate. The present study of 
3.5 million adults examines and compares associations between body size phenotypes with or 
without metabolic abnormalities and incident cardiovascular disease. Our results suggest that 
individuals who are MHO are at higher risk of coronary heart disease, cerebrovascular disease 
and heart failure than normal weight metabolically healthy individuals. Clinicians additionally 
need to be aware that individuals with a normal BMI can have metabolic abnormalities, 
and therefore be at high risk for cardiovascular disease events. 
 
Abbreviations 
MHO= metabolically healthy obese 
PVD= peripheral vascular disease  
THIN= he Health Improvement Network 
BMI= body mass index  
CVD= cardiovascular disease  
HR= hazard ratio  
CI= 95% confidence interval  
CHD= coronary heart disease   
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Introduction 
Obesity, an established risk factor for cardiovascular diseases (1), has been increasing 
globally over the past four decades (2). Metabolic abnormalities such as hypertension, 
dyslipidemia, and dysglycemia are known to mediate its effects, (3) however the clustering of 
obesity-related metabolic abnormalities varies widely among obese individuals. In fact, a subset 
of obese individuals without obesity-related metabolic abnormalities are referred to as 
“metabolically healthy obese” (MHO) (4-8). 
Three meta-analyses (9-11), have demonstrated that compared with metabolically healthy 
normal-weight individuals, obese individuals are at increased risk for cardiovascular disease 
events. Whether MHO is associated with excess risk of cardiovascular disease remains a subject 
of debate, because of important limitations to the evidence base. The main limitation is the 
inconsistent definition of metabolic health across studies. Previous studies have also not 
compared the association of MHO and a wide range of cardiovascular disease events such as 
cerebrovascular disease, heart failure, and peripheral vascular disease (PVD). Potential 
confounders also have been inconsistently controlled for across studies, and there are also a 
limited numbers of studies that have examined other metabolically defined body size 
phenotypes. 
We sought to address these limitations in a large contemporary cohort, based on linked 
electronic health records, which combine routine information about diagnoses, risk factors, and 
medication use with future cardiovascular disease events. Our objective was to examine 
associations between body size phenotypes (underweight, normal weight, overweight and obese) 
with or without metabolic abnormalities (diabetes, hypertension, hyperlipidaemia) and incident 
coronary heart disease (angina, ischaemic heart disease, myocardial infarction), cerebrovascular 
disease (transient ischemic attack, ischaemic stroke, haemorrhagic stroke), heart failure, and 
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peripheral vascular disease. We tested the hypothesis that compared with metabolically healthy 
(i.e. no metabolic abnormalities) normal weight individuals, metabolically healthy obese 
individuals are at increased risk for cardiovascular disease events. 
Methods 
Study design and setting 
We undertook a cohort study with prospectively collected data from The Health 
Improvement Network database (THIN), which contains computerized  primary care records 
from primary care physicians who use the Vision IT system and have agreed at the practice level 
to participate [covering 6.2% of the United Kingdom (UK) population]. THIN captures 
diagnoses, prescriptions, and tests from primary care, and referrals to specialists, hospital 
admissions, and diagnoses made in secondary care, which are typically reported back to the 
primary care physicians. They record lifestyle (e.g. smoking status) and anthropometric 
measurements (e.g. height, weight); these measurements could be recorded at patient 
registration, opportunistically during care, or as deemed clinically relevant by the primary care 
physicians. THIN data is representative of the UK population (12), and comparisons to external 
statistics and other independent studies have shown that both the clinical diagnostic and 
prescribing information is well recorded and accurate (12,13). Data collection began in January 
1995, and we used all data to September, 2015. For this study, approval was obtained via THIN’s 
independent Scientific Review Committee in August 2016 (SRC reference number: 
16THIN078). 
Participants 
We included all persons in THIN aged 18 years older with BMI data. Patients were only 
eligible to take part once their general practices had implemented the VISION IT system.   Study 
entry began 12 months after registration to minimize the chance that cardiovascular disease 
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events recorded after registration reflected pre-existing or historical disease. We assigned the 
first BMI record from the registration date or the first one recorded after the VISION IT system 
was initiated. Individuals with any record of cardiovascular disease events before study entry 
were excluded. 
Exposure 
BMI was defined as body weight (kilograms) divided by height (meters) squared, and 
expressed in kg/m2 at study entry. We defined individuals as having diabetes and hypertension 
by coded diagnoses (READ codes) recorded in THIN at study entry (Online Table 1). We 
defined individuals as having hyperlipidemia on the basis of whether individuals had a specific 
prescription records of lipid-lowering agentsIndividuals who developed diabetes, hypertension or 
hyperlipidemia during follow-up were analysed according to their baseline status of no diabetes, 
hypertension or hyperlipidemia. 
Body size phenotypes were defined using WHO criteria as follows: underweight (BMI < 
18.5 kg/m2), normal-weight (18kg/m2 >BMI<25 kg/m2), overweight (25 kg/m2 ≥ BMI 
< 30 kg/m2) and obese (BMI ≥ 30 kg/m2). The three metabolic abnormalities were summed to 
create a metabolic abnormalities score (0, 1, 2 and 3). Persons were categorized into 14 body size 
phenotypes: underweight with 0 metabolic abnormalities, underweight with 1 or more metabolic 
abnormalities, normal weight with 0 metabolic abnormalities, normal weight with 1 metabolic 
abnormality, normal weight with 2 metabolic abnormalities, normal weight with 3 metabolic 
abnormalities, overweight with 0 metabolic abnormalities, overweight with 1 metabolic 
abnormality, overweight with 2 metabolic abnormalities, overweight with 3 metabolic 
abnormalities, obese with 0 metabolic abnormalities, obese with 1 metabolic abnormality, obese 
with 2 metabolic abnormalities, and obese with 3 metabolic abnormalities.  
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Outcomes 
The endpoints were the first record of one of the following 4 presentations of 
cardiovascular disease: coronary heart disease (angina, ischemic heart disease, myocardial 
infarction), cerebrovascular disease (transient ischemic attack, ischemic stroke, hemorrhagic 
stroke), heart failure, and peripheral vascular disease. Any events occurring after the first 
cardiovascular disease presentation were ignored. Endpoint definitions are described in Online 
Table 2.  
Covariates 
Participant’s age, sex, self-reported smoking status, and social deprivation were included 
in models. Data recorded at study entry was used to classify participants as never smokers, ex-
smokers, or current smokers at baseline. Social deprivation was included as quintiles of the index 
of multiple deprivation (14), a score calculated for each participant's neighborhood on the basis 
of social indices such as income, education, and employment. 
Statistical analysis 
Of the 4,091, 344 million individuals aged 18 years or older in THIN without a history of 
CVD, we excluded persons with missing sex (128,458/4.09 million[X]), BMI (161,699/4.09 
million [4.1%]), smoking (53,262 /4.09 million [1.6%]) and social deprivation (252,148 /4.09 
million [6.7%]).  After these exclusions, there remained a final sample of 3,495,777 participants 
(88.2% of the eligible sample). Those excluded due to missing information were less likely to be 
male (41.4% vs. 43.1%; p < 0.001), younger (41.1 years vs. 44.7 years; p < 0.001), have a lower 
BMI (25.9 kg/m2 vs. 26.4 kg/m2; p < 0.001), more likely to belong to the most deprived quintile 
(14.5% vs. 14.0%; p < 0.001) and more likely to be current smokers (25.1% vs. 24.6%; 
p < 0.001). 
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Follow-up was censored at the occurrence of first cardiovascular disease endpoint, death, 
de-registration from the practice, or the last data collection for the practice, whichever occurred 
first. We used Cox proportional hazard models to calculate hazard ratios (HRs) and 95% 
confidence intervals (CIs) for associations between each body size phenotype with or without 
metabolic abnormalities and cardiovascular disease event. We adjusted for age at BMI record, 
sex, self-reported smoking and social deprivation. We assessed the proportional hazards 
assumption by visually checking the Kaplan-Meier curves and tested it using Schoenfeld 
residuals. e In sensitivity analyses, we stratified associations by sex and age (<65 y, ≥ 65 y); 
defined metabolic status by diagnostic or prescription codes as well as laboratory or physical 
measurements; adjusted analyses for hormone replacement therapy (HRT) and oral 
contraceptives, respectively; and excluded patients with type 1 diabetes. The cut-off at 65 years 
was chosen as this is commonly used to designate an individual as an older person (15). Residual 
confounding by cigarette smoking has been suggested as a possible explanation for inconsistent 
associations between obesity and PVD (16). Therefore, we additionally examined the association 
between MHO and PVD only among individuals who reported never smoking cigarettes. 
Because excess risk for cardiovascular disease events associated with low BMI may be 
associated with smoking-related diseases [such as chronic obstructive pulmonary disease 
(COPD) and lung cancer] we examined the association between underweight and cardiovascular 
disease events among individuals who reported as never smoking cigarettes.  
Results 
Among 3,495,777 individuals, 2.7% were classified as underweight with no metabolic 
abnormalities, 37.7% were classified as normal weight with no metabolic abnormalities, 25.7% 
were classified as overweight with no metabolic abnormalities, and 14.8% were classified as 
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obese with no metabolic abnormalities (Online Table 3). The prevalence of 3 metabolic 
abnormalities was rare regardless of the weight category, with underweight individuals having 
the lowest (0%) (Online Table 3). Metabolically healthy obese individuals were more likely to be 
younger, male, current smokers and socioeconomically deprived and compared with 
metabolically unhealthy obese individuals (Table 1). 
There were 154,051 (4.4%) deaths and 1,182,658 (33.8%) patients transferred out of their 
general practice.  Over a mean 5.4 year follow-up, there were 165,302 initial cardiovascular 
disease presentations: 61,546(37.2%) developed CHD, 54,705 (33.1%) developed 
cerebrovascular disease, 25,254 (15.3%) developed heart failure and 23,797 (14.4%) developed 
PVD. Incidence rates of cardiovascular disease events by body size phenotype and metabolic 
status are shown in Online Tables 5-7. Among initially metabolically healthy overweight 
individuals, approximately 1.9% of developed diabetes, 9.4% developed hyperlipidemia, and 
7.2% developed hypertension. Among initially metabolically healthy obese individuals, 
approximately 5.6% developed diabetes, 11.5% developed hyperlipidemia, and 10.4% developed 
hypertension. 
The Central Illustration depicts the associations between the 14 body size phenotypes 
with or without metabolic abnormalities/ and cardiovascular disease events (CHD, 
cerebrovascular disease, heart failure, and PVD) with the normal weight 0 metabolic 
abnormalities group as the reference. 
Coronary heart disease 
Individuals who were overweight with 0 metabolic abnormalities (HR 1.30, 95% CI 1.27, 
1.34) and obese with 0 metabolic abnormalities (HR 1.49, 95% CI 1.45, 1.54), had an increased 
risk of coronary heart disease, compared to normal weight individuals with no metabolic 
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abnormalities after adjustment for potential confounders (central illustration). Risk of coronary 
heart disease in the normal weight, overweight and obese groups increased with increased 
number of metabolic abnormalities (Central Illustration).  
Cerebrovascular disease 
Individuals who were underweight (HR 1.31, 95% CI 1.23, 1.40) and obese with 0 
metabolic abnormalities (HR 1.07, 95% CI 1.04, 1.11) had an increased risk of cerebrovascular 
disease, compared to normal weight individuals with no metabolic abnormalities after adjustment 
for potential confounders (central illustration). Risk of cerebrovascular disease in the normal 
weight, overweight and obese groups increased with the increasing number of metabolic 
abnormalities (Central Illustration). 
Heart failure 
Individuals who were underweight (HR 1.36, 95% CI 1.23, 1.51), overweight with 0 
metabolic abnormalities (HR 1.11, 95% CI 1.06, 1.16) and obese with 0 metabolic abnormalities 
(HR 1.96, 95% CI 1.86, 2.06) had an increased risk of heart failure, compared to normal weight 
individuals with no metabolic abnormalities after adjustment for potential confounders. (central 
illustration). Risk of heart failure in the normal weight, overweight and obese groups increased 
with increased number of metabolic abnormalities (Central Illustration). 
Peripheral vascular disease  
Individuals who were underweight had an increased risk of PVD (HR 1.49, 95% CI 1.36, 
1.63), compared to normal weight individuals with no metabolic abnormalities after adjustment 
for potential confounders (central illustration).  Individuals who were overweight with 0 
metabolic abnormalities (adjusted HR 0.92, 95% CI 0.88, 0.96) and obese with 0 metabolic 
abnormalities (adjusted HR 0.91, 95% CI 0.86, 0.96) had a decreased risk of PVD compared to 
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normal weight individuals with no metabolic abnormalities (central illustration). Risk of PVD 
increased with the number of metabolic abnormalities in the normal weight, overweight and 
obese groups (central illustration).  
Sensitivity analyses 
We undertook several sensitivity analyses (Online Tables 8-15). There was some 
evidence that the risk of cerebrovascular disease in overweight and obese individuals without 
metabolic abnormalities, heart failure in overweight individuals without metabolic abnormalities, 
differed significantly by sex. Females had stronger positive associations with cerebrovascular 
disease and heart failure compared to males. There was some evidence that the risk of CHD, 
cerebrovascular disease, heart failure and PVD in overweight and obese individuals without 
metabolic abnormalities differed significantly by age. Individuals < 65 years had significantly 
stronger positive associations with CHD, cerebrovascular disease heart failure and PVD than 
individuals ≥ 65 years. Among overweight and obese individuals without metabolic 
abnormalities, age-stratified analyses revealed significant positive associations with PVD. When 
metabolic status was derived from diagnostic codes or prescription records as well as  
laboratory/physical measurements, the magnitude of associations between the body size 
phenotypes and metabolic status with CHD, cerebrovascular disease, heart failure and PVD were 
generally larger (Online Tables 9, 11, 13, & 15). For metabolically healthy overweight or obese 
groups, the negative association with PVD became non-significant (Online Table 15). Further 
adjustment for HRT or oral contraceptives did not significantly change the estimates (Online 
Tables 9 & 11). Exclusion of participants with type 1 diabetes did not significantly alter the 
results (Online Tables 9, 11, 13, & 15). In analyses restricted to individuals who reported they 
never smoked cigarettes, individuals who were obese with no metabolic abnormalities obese, had 
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a significantly stronger positive association with PVD (Online Table 15). For individuals who 
were underweight, we repeated analyses only in those who reported they never smoked 
cigarettes. The results did not differ from the main results (Online Table 15). 
Discussion 
In this study of approximately 3.5 million individuals accruing 165,302 cardiovascular 
disease events during 5.4 years average follow-up, we showed that individuals who are obese 
and classified as metabolically healthy (either no metabolic abnormalities, 1 or 2) are still at an 
increased risk for CHD, cerebrovascular disease and heart failure compared with individuals who 
are normal weight with no metabolic risk factors. These associations were not dependent on 
participants’ sex. Approximately, one in ten who were normal weight had metabolic 
abnormalities and had increased risks for CHD, cerebrovascular disease, heart failure and PVD 
compared to normal weight individuals without metabolic abnormalities. 
Although three meta-analyses (9-11) have assessed the risks of cardiovascular disease for 
the MHO phenotype, these each had limitations. The meta-analysis of Kramer et al (10) 
demonstrated that MHO individuals had increased risk for cardiovascular disease events 
compared with metabolically healthy normal-weight individuals. However, their findings were 
controversial. The meta-analysis roughly merged cardiovascular disease events and all-cause 
mortality together to calculate the pooled risk estimates for MHO individuals. Another limitation 
of the meta-analysis was the fact that it did not adequately adjust for important baseline factors, 
including age, and sex. Similarly, in the meta-analysis of Fan et al (11), they did not differentiate 
cardiovascular disease events and all-cause death events separately, but merged them together to 
calculate the pooled risk estimate. Whereas, in our study we examined MHO with the incidence 
of specific cardiovascular disease events (i.e. CHD, cerebrovascular disease, heart failure and 
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PVD) based on validated electronic health records (17-19). We were also able to adjust for 
important baseline factors including age, sex, smoking status and socio-economic deprivation. 
Recently, Zheng et al (9) meta-analysis attempted to examine the association between MHO and 
cardiovascular disease events in only studies using the strictest definition for metabolic health 
(absence of all metabolic abnormalities). They found an insignificant association between MHO 
and cardiovascular disease events, however only 2 studies provided data and, as such, the 
statistical power was limited to detect significant associations. In our study, we had 
unprecedented statistical power to examine obese individuals classified by the number of 
metabolic abnormalities, potentially reflecting several definitions of the ‘metabolically healthy’ 
phenotype in relation to a range of cardiovascular disease events. 
Being metabolically unhealthy, regardless of BMI, generally conferred increased risk for 
cardiovascular disease events and that normal weight status did not necessarily indicate 
metabolic health. Some individuals with normal weight have previously been reported to have 
elevated metabolic abnormalities (20,21). In the United States, the Preventive Services Task 
Force currently recommends that clinicians in primary care settings use overweight and obesity 
as the main criteria to screen adults for abnormal blood glucose as part of cardiovascular risk 
assessment (22). This could result in failure to identify metabolic abnormalities in many patients.  
Early detection and management of normal weight individuals with metabolic abnormalities may 
therefore be beneficial in the prevention of cardiovascular disease eventsWe found that 
underweight individuals had an increased risk of cerebrovascular disease, heart failure, and PVD. 
The impact of underweight on cardiovascular disease events has been understudied, with most 
previous research not evaluating the underweight individuals separately from normal weight 
individuals. (3,23) Excess risk for cardiovascular disease events associated with low BMI may 
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be related to smoking-related diseases such as chronic obstructive pulmonary disease (COPD) 
and lung cancer. To minimize this possibility, in a separate analyses we only examined the 
association between underweight with no metabolic abnormalities and cardiovascular disease 
events restricted to individuals who never reported smoking cigarettes. Underweight individuals 
with no metabolic abnormalities  only had a significant risk for heart failure and PVD.  
Our finding that obesity was associated with a lower risk of PVD was surprising, 
considering that it may influence the atherosclerotic process (24). Previous studies on the 
association between obesity and PVD have been inconsistent (16). In the Israeli Ischemic Heart 
Disease Project (25), those with new-onset intermittent claudication had a higher BMI than those 
who remained symptom free. Other large population-based studies however have failed to 
demonstrate that obesity increases risk for PVD (26-28), with some studies even reporting a 
reduction in risk for PVD (29-31). In the Framingham Study Cohort, relative weight was found 
to be inversely associated with intermittent claudication (30). One potential explanation for this 
is residual confounding by cigarette smoking (cigarette smoking is strongly associated with both 
PVD and lower BMI) (16). In sensitivity analyses, restricted to individuals who were obese with 
no metabolic abnormalities and reported never smoking cigarettes, risk for PVD was increased, 
compared to normal weight individuals with no metabolic abnormalities. 
To the best of our knowledge, this is the largest prospective study of the association 
between body size phenotypes with or without metabolic abnormalities (including MHO) and a 
range of incident cardiovascular disease events, with unprecedented precision and power. 
Dividing our participants into four BMI groups according to the classification provided by World 
Health Organization, gave us the possibility of a more granular analysis of the CVD risk in the 
different body size phenotypes. Several limitations of our study however require careful 
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consideration. BMI has many advantages as a surrogate of body fat, such as simplicity and 
reproducibility (32) however we are unable to distinguish differences between high percentage of 
body fat and preserved or increased lean mass, particularly in participants with a BMI <30 
kg/m2. Even though patients registered in THIN are representative of the general UK adult 
population (12), persons with a BMI measurement might not necessarily be representative of the 
general population. BMI data if not recorded at registration, tends to be opportunistically 
recorded (i.e. recorded when the patient is attending for other reasons or when the matter is of 
direct clinical importance). We limited this possibility by only using the first BMI recorded from 
the registration date (because they would have probably been recorded for administrative and not 
health reasons). Our findings are drawn from baseline measurements of BMI and metabolic 
abnormalities. Considering the difficulty in losing weight, it is more likely that individuals 
transition to higher weight ( i.e. normal weight/overweight to obese) categories than transition to 
lower weight categories (i.e. obese to overweight/normal weight) (10). Thus, the potential 
misclassification effect of changes in weight over time was probably conservative. In our study, 
a small proportion of individuals who were initially metabolically healthy overweight or obese 
did progress to metabolically unhealthy overweight or obesity. Therefore, due to changes in 
metabolic abnormalities, a degree of misclassification, did occur. We did not have access to 
appropriate data on diet or physical activity, and therefore could not examine for example, 
whether physical activity could modify the association between metabolically healthy obese and 
incident cardiovascular disease. Patients were defined as having diabetes or hypertension 
utilizing diagnostic codes and hyperlipidemia was defined utilizing prescription codes.  Given 
that a proportion of individuals with metabolic abnormalities may be undiagnosed in the UK 
(33,34) we used available measures of HbA1c, blood pressure and serum lipids to minimize 
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misclassification error. Additionally, given that improvement of glycemic, blood pressure, or 
lipid control obtained through treatment can prevent cardiovascular disease events in the long 
term, we may therefore expect that optimally treated/controlled patients would have a reduced 
risk of developing a cardiovascular disease events compared to those who are uncontrolled, and 
therefore our HR estimates would be conservative. 
Taking into consideration the genetic heterogeneity related to obesity (35), it is not 
implausible to assume that a distinct, benign phenotype in terms of CVD risk may be present. Of 
the body size phenotypes, MHO has been the most commonly examined phenotype (36), and it 
has been suggested that the concept of metabolically healthy obesity might be important in the 
stratification of individuals in the clinical treatment of obesity (36). Some researchers have called 
for a shift in the public health focus away from markers of adiposity such as BMI (37) and 
suggest that health providers prescribing weight loss interventions may be misusing time and 
resources. (38) Our study robustly challenges the assertion that MHO is a benign condition and 
adds to the evidence base that MHO is a high-risk state for future cardiovascular disease events.  
Conclusions 
Individuals who are obese with no metabolic abnormalities are  at higher risk of coronary 
heart disease, cerebrovascular disease and heart failure than normal weight metabolically healthy 
persons Clinicians need to be aware that individuals who would otherwise be considered non-
obese, based on a normal BMI, can have metabolic abnormalities, and therefore also be at high 
risk for cardiovascular disease events. 
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Perspectives 
Competency in patient care and medical knowledge: Metabolically healthy obesity is a 
unique body size phenotype that apparently protects people from the metabolic complications of 
obesity including cardiovascular disease. However, whether these individuals are truly at less 
risk of cardiovascular disease has remained controversial. Our study of 3.5 million electronic 
primary care records suggest individuals who are obese and classified as metabolically healthy 
(either no metabolic abnormalities, 1 or 2) are still at an increased risk for coronary heart disease, 
cerebrovascular disease and heart failure compared with individuals who are normal weight with 
no metabolic risk factors.  Individuals who are normal weight can also have metabolic 
abnormalities, and be at high risk for cardiovascular disease events. 
Translational Outlook: Large and long-term cohort trials are still required to determine the 
effect of weight loss on risk of developing cardiovascular disease events among metabolically 
healthy obese individuals.  
  
17 
References 
1. Guh DP, Zhang W, Bansback N, Amarsi Z, Birmingham CL, Anis AH. The incidence of 
co-morbidities related to obesity and overweight: a systematic review and meta-analysis. BMC 
Public Health 2009;9:88. 
2. NCD Risk Factor Collaboration (NCD-RisC). Trends in adult body-mass index in 200 
countries from 1975 to 2014: a pooled analysis of 1698 population-based measurement studies 
with 19.2 million participants. Lancet 2016;387:1377-96. 
3. Lu Y, Hajifathalian K, Ezzati M, Woodward M, Rimm EB, Danaei G. Metabolic 
mediators of the effects of body-mass index, overweight, and obesity on coronary heart disease 
and stroke: a pooled analysis of 97 prospective cohorts with 1.8 million participants. Lancet 
2014;383:970-83. 
4. Rey-Lopez JP, de Rezende LF, de Sa TH, Stamatakis E. Is the metabolically healthy 
obesity phenotype an irrelevant artifact for public health? Am J Epidemiol 2015;182:737-41. 
5. Bradshaw PT, Stevens J. Invited commentary: limitations and usefulness of the 
metabolically healthy obesity phenotype. Am J Epidemiol 2015;182:742-4. 
6. Tomiyama AJ, Hunger JM, Nguyen-Cuu J, Wells C. Weight and cardiometabolic health: 
new perspectives. Int J Obes (Lond) 2016;40:1331. 
7. Dhurandhar EJ. The downfalls of BMI-focused policies. Int J Obes (Lond) 2016;40:729-
30. 
8. Caleyachetty R, Meunnig P, Kengne AP. Misclassification of cardiometabolic health 
when using body mass index categories. Int J Obes (Lond) 2016;40:1332. 
18 
9. Zheng R, Zhou D, Zhu Y. The long-term prognosis of cardiovascular disease and all-
cause mortality for metabolically healthy obesity: a systematic review and meta-analysis. J 
Epidemiol Community Health 2016;70:1024-31. 
10. Kramer CK, Zinman B, Retnakaran R. Are metabolically healthy overweight and obesity 
benign conditions?: A systematic review and meta-analysis. Ann Intern Med 2013;159:758-69. 
11. Fan J, Song Y, Chen Y, Hui R, Zhang W. Combined effect of obesity and cardio-
metabolic abnormality on the risk of cardiovascular disease: a meta-analysis of prospective 
cohort studies. Int J Cardiol 2013;168:4761-8. 
12. Blak BT, Thompson M, Dattani H, Bourke A. Generalisability of The Health 
Improvement Network (THIN) database: demographics, chronic disease prevalence and 
mortality rates. Inform Prim Care 2011;19:251-5. 
13. Lewis JD, Schinnar R, Bilker WB, Wang X, Strom BL. Validation studies of the health 
improvement network (THIN) database for pharmacoepidemiology research. 
Pharmacoepidemiol Drug Saf 2007;16:393-401. 
14. Townsend P, Phillimore P, Beattie A. The construction of a measure of deprivation. 
Health and Deprivation: Inequality and the North. London: Routledge, 1988. 
15. Orimo H, Ito H, Suzuki T, Araki A, Hosoi T, Sawabe M. (2006), Reviewing the 
definition of “elderly”. Geriatrics & Gerontology International, 6: 149–158. 
16. Criqui MH, Aboyans V. Epidemiology of peripheral artery disease. Circ Res 
2015;116:1509-26. 
17. Gaist D, Wallander MA, Gonzalez-Perez A, Garcia-Rodriguez LA. Incidence of 
hemorrhagic stroke in the general population: validation of data from The Health Improvement 
Network. Pharmacoepidemiol Drug Saf 2013;22:176-82. 
19 
18. Hammad TA, McAdams MA, Feight A, Iyasu S, Dal Pan GJ. Determining the predictive 
value of Read/OXMIS codes to identify incident acute myocardial infarction in the General 
Practice Research Database. Pharmacoepidemiol Drug Saf 2008;17:1197-201. 
19. Ruigomez A, Martin-Merino E, Rodriguez LA. Validation of ischemic cerebrovascular 
diagnoses in the health improvement network (THIN). Pharmacoepidemiol Drug Saf 
2010;19:579-85. 
20. St-Onge MP, Janssen I, Heymsfield SB. Metabolic syndrome in normal-weight 
Americans: new definition of the metabolically obese, normal-weight individual. Diabetes Care 
2004;27:2222-8. 
21. Wildman RP, Muntner P, Reynolds K et al. The obese without cardiometabolic risk 
factor clustering and the normal weight with cardiometabolic risk factor clustering: prevalence 
and correlates of 2 phenotypes among the US population (NHANES 1999-2004). Arch Intern 
Med 2008;168:1617-24. 
22. Siu AL. Screening for Abnormal Blood Glucose and Type 2 Diabetes Mellitus. Ann 
Intern Med 2016;165:225. 
23. Mongraw-Chaffin ML, Peters SA, Huxley RR, Woodward M. The sex-specific 
association between BMI and coronary heart disease: a systematic review and meta-analysis of 
95 cohorts with 1.2 million participants. Lancet Diabetes Endocrinol 2015;3:437-49. 
24. Van Gaal LF, Mertens IL, De Block CE. Mechanisms linking obesity with cardiovascular 
disease. Nature 2006;444:875-80. 
25. Bowlin SJ, Medalie JH, Flocke SA, Zyzanski SJ, Goldbourt U. Epidemiology of 
intermittent claudication in middle-aged men. Am J Epidemiol 1994;140:418-30. 
20 
26. Allison MA, Criqui MH, McClelland RL et al. The effect of novel cardiovascular risk 
factors on the ethnic-specific odds for peripheral arterial disease in the Multi-Ethnic Study of 
Atherosclerosis (MESA). J Am Coll Cardiol 2006;48:1190-7. 
27. Murabito JM, Evans JC, Nieto K, Larson MG, Levy D, Wilson PW. Prevalence and 
clinical correlates of peripheral arterial disease in the Framingham Offspring Study. Am Heart J 
2002;143:961-5. 
28. Hooi JD, Kester AD, Stoffers HE, Overdijk MM, van Ree JW, Knottnerus JA. Incidence 
of and risk factors for asymptomatic peripheral arterial occlusive disease: a longitudinal study. 
Am J Epidemiol 2001;153:666-72. 
29. Newman AB, Siscovick DS, Manolio TA et al. Ankle-arm index as a marker of 
atherosclerosis in the Cardiovascular Health Study. Cardiovascular Heart Study (CHS) 
Collaborative Research Group. Circulation 1993;88:837-45. 
30. Kannel WB, McGee DL. Update on some epidemiologic features of intermittent 
claudication: the Framingham Study. J Am Geriatr Soc  1985;33:13-8. 
31. Beks PJ, Mackaay AJ, de Neeling JN, de Vries H, Bouter LM, Heine RJ. Peripheral 
arterial disease in relation to glycaemic level in an elderly Caucasian population: the Hoorn 
study. Diabetologia 1995;38:86-96. 
32. Prentice AM, Jebb SA. Beyond body mass index.  Obes. Rev  2001;2:141-7. 
33. Thomas MC, Walker MK, Emberson JR et al. Prevalence of undiagnosed Type 2 diabetes 
and impaired fasting glucose in older British men and women. Diabet Med 2005;22:789-93. 
34. Falaschetti E, Mindell J, Knott C, Poulter N. Hypertension management in England: a 
serial cross-sectional study from 1994 to 2011. Lancet 2014;383:1912-9. 
21 
35. Walley AJ, Asher JE, Froguel P. The genetic contribution to non-syndromic human 
obesity. Nat. Rev. Genet 2009;10:431-42. 
36. Stefan N, Haring HU, Hu FB, Schulze MB. Metabolically healthy obesity: epidemiology, 
mechanisms, and clinical implications. Lancet Diabetes Endocrinol 2013;1:152-62. 
37. Hunger JM, Tomiyama AJ. A Call to Shift the Public Health Focus Away From Weight. 
Am J Public Health 2015;105:e3. 
38. Tomiyama AJ, Hunger JM, Nguyen-Cuu J, Wells C. Misclassification of cardiometabolic 
health when using body mass index categories in NHANES 2005-2012. Int J Obes (Lond) 
2016;40:883-6. 
 
  
22 
Figure Legend 
Central Illustration: Association of body size phenotypes and metabolic status with 
cardiovascular disease events in 3.5 million UK adults.  Analyses adjusted for age, sex, 
smoking status and social deprivation. The reference category is normal weight, 0 metabolic 
abnormalities. 
 23 
Table 1 Baseline characteristics of the study population, by body size phenotypes and metabolic health status  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
BMI= body mass index 
* Obese with 0 metabolic abnormalities 
†Obese with 1 or more metabolic abnormalities 
 Underweight Normal weight Overweight Metabolically 
healthy and obese* 
Metabolically 
unhealthy and obese† 
Mean age (SD), (years) 38.0 (20.3) 41.3 (17.6) 47.7 (16.6) 42.6 (13.8) 58.6 (12.6) 
Sex      
Male 24,753 (26.3) 547,600 (37.0) 603,492 (52.1) 301,974 (58.4) 114,196 (46.6) 
Female 69,276 (73.7) 932,626 (63.0) 555,324 (47.9) 215,470 (41.6) 131,066 (53.4) 
Smoking status      
Never smoker 51,614 (54.9) 842,573 (56.9) 637,442 (55.0) 284,510 (55.0) 133,878 (54.6) 
Ex- smoker 10,075 (10.7) 235,766 (15.9) 257,903 (22.3) 109,051 (21.1) 73,015 (29.8) 
Current smoker 32,340 (34.4) 401,887 (27.2) 263,471 (22.7) 123,883 (23.9) 38,369 (15.6) 
Social deprivation 
quintile 
     
1 (least deprived) 16,736 (17.8) 352,906 (23.8) 295,984 (25.5) 110,089  (21.3) 54,712 (22.3) 
2 16,119 (17.1) 303,729  (20.5) 256,192 (22.1) 104,285  (20.2) 52,844  (21.6) 
3 20,083 (21.4) 318,076 (21.5) 248,836 (21.5) 114,512 (22.1) 53,628 (21.9) 
4 22,583 (24.0) 293,845 (19.9) 212,177  (18.3) 108,679  (21.0) 49,278 (20.1) 
5 (most deprived) 18,508 (19.7) 211,670 (14.3) 145,627 (12.6) 79,879  (15.4) 34,800 (14.2) 
Mean BMI (SD), kg/m2 17.4 (1.0) 22.3 (1.7) 27.2 (1.4) 34.4 (4.5) 34.9 (4.8) 
